Uniaxial and biaxial stress states were employed to compare the measured macroscopic yield behaviour of oriented polycarbonate, polyethylene, and polypropylene with a proPosed anisotropic and pressure-dependent yield criterion. A good correlation between theory and experiment was found for each material.
I ntroduction
Since the purpose of this paper is to discuss certain aspects about the macroscopic yield behaviour of oriented or anisotropic polymers, no reference will be made to the many studies involving unoriented polymers.
In comparison with the amount of research in which unoriented polymers have been used, there are relatively few investigations that have reported findings on the macroscopic yielding of oriented polymers. Most of these [1] [2] [3] [4] have followed the suggestions of Hill [5] wherein the variations in tensile and compressive yield strengths of oriented sheet materials have provided the means for comparing analytical predictions with experimental results. As discussed in a subsequent article [6] , these earlier studies were questioned on fundamental grounds.
The yield criterion for anisotropic and pressure dependent solids proposed elsewhere [6] was investigated in a limited study [7] in which first and fourth quadrant points were determined so as to compare a theoretical yield locus with experimental results. Because the correlation was quite reasonable, the validity of this proposed yield criterion seemed quite promising and prompted a more extensive investigation. The findings of this latter study provide the basis of this present paper. Subscripts x,y,z = refer to a general orthoganal co-ordinate system. Subscripts 1,2, 3 = principal directions.
Analytical development
A full development of the yield criterion proposed for use with pressure dependent, anisotropic solids is presented elsewhere [6] and need not be repeated here. It is, hopefully, sufficient to indicate that the modification proposed by Hill [5] , which altered the standard yon Mises criterion to account for anisotropic effects, has been further modified to account for pressure dependency of yielding.
In its most general form, this suggested criterion is expressed as
The parameters H, F, G, N, L and M characterize, in their usual sense [5] , the state of anisotropy while those denoted as Kx, Ky and K z account for pressure dependency. All of these parameters are defined as functions of the absolute values of the compressive and tensile yield strengths measured in the three reference directions at atmospheric pressure and room temperature.
Since yield locus studies involve biaxial states of stress application, and using the usual notation involving principal directions, Equation 1 reduces to
(H + G)o~ + (H + F)o~ --2Ha1 a2 + Ka al
In developments that follow it is assumed that the condition of anistropy is symmetric about the axis of orientation. This has been found to be quite an acceptable assumption in our work and is discussed in some detail at a later point. As the work reported in this paper employed thin-walled tubes that were subjected to the simultaneous loading of internal pressure and axial forces in order to develop biaxial stress states, the assumption of aixal symmetry meant that the radial and hoop yield stresses were equivalent. Considering the axial direction (this corresponds to the direction in which orientation was induced) as the l-direction, and the 2-direction as the hoop or circumferential direction, the basic yield strengths measured at atmospheric pressure are expressed as follows T1 and C1 (usually not equal in magnitude) refer to axial direction, T2 = T3 and C2 = 6'3 (7"2 :/= C2) refer to hoop direction. In regard to equation 2, the various parameters are defined as:
As seen in Equation 3, H = G as a consequence of rotational symmetry about the axis of orientation.
Test materials and method of producing an oriented structure
The three polymers used were polycarbonate (PC), high density polyethylene (HDPE) and polypropylene (PP). They were obtained from the Westlake Plastics Company in the form of solid cylindrical rods whose original diameters were ~51 (PC) and 64 mm (PP and HDPE). From every individual bar used, a section was cut off for use with "unoriented characterization studies" to be discussed later. The remainder of each bar was then employed to produce oriented material by first machining oversized tensile specimens to the dimensions shown in Fig.  1 . Each specimen was loaded in uniaxial tension until a stable neck formed and propagated to a length of about 64 mm. Subsec~uent machining of a thin-walled tube followed such that the tube test section of about 51 mm lay completely within the highly oriented (necked) region. Fig. 2 typifies this sequence of operations.
-It is of possible interest to mention procedural details that were found necessary to avoid problems when producing an adequate length of oriented material by the technique used in this work. As mentioned elsewhere [7] , PC has a susceptibility to surface cracking unless care is taken in specimen preparation. This may be accomplished with the use of a large radius turning tool followed by *In Equations 3 and 4 the absolute value signs axe included to aovid possible confusion; it is the magnitude of the compressive values that axe important. For simplicity, these absolute value signs will not be used through out the remainder of the paper.
